MINDO-forces calculations have been done after complete optimization of geometry on Xmonosubstituted fulvenes, where X is OH, NH 2 , CH 3 , N0 2 , CN, F, dimethyl and cyclopropyl. It was found that all the substituents are stabilizing. The electron releasing substituents increase the dipole moment at the exocyclic double bond while the electron withdrawing ones increase the dipole moment at the endocyclic diene. Geometrical parameters, heats of formation, orbital energies and electron densities are reported.
A detailed NMR study of fulvenes substituted at the 6-position has been published [12] which demonstrates the importance of the charge separated form, which is stabilized by electron releasing groups at C 6. It has been assumed that the cyclopentadienylidene ring interacts strongly with donor groups [5] , thereby approaching a cyclopentadienide ion. Pertinent examples are 6-aminofulvene [11] and 6,6-diaminofulvene [20, 21] , The charge derealization and the development of the electronic structure of the cyclopentadienide ion are evidenced by large dipole moments [20, 22] . The dipolar character of the exocyclic double bond in fulvenes [2] gives them reactivities similar to carbonyl compounds. A proton a to the exocyclic double bond is fairly acidic, pK = 22.7 (DMSO) [23] , i.e. comparable to a proton a to the carbonyl group in an aldehyde or a ketone. Fulvenes are also prone to undergro cycloadditions, in which they act either as diene or dienophile [24] [25] [26] [27] [28] . It was shown that 6,6-dimethylfulvene readily differentiate typical electrophilic from nucleophilic carbenes on the basis of their regiochemical selectivity [29] , i.e. acts as indicator. This paper reports the geometry, heat of formation, dipole moment, electron density, orbital energy, (HOMO, LUMO) and the stability of substituted fulvene molecules using the MINDO-forces MO method [30] .
Dipole Moments
The dipole moment character of fulvene resulting from the shift of a n electron from the exocyclic carbon toward the cyclopentadienyl ring is well known [2] .
The electron releasing substituents OH, NH 2 , CH 3 , dimethyl, and cyclopropyl increase the dipole moment (Table 1) , and it is found to be more pro-0932-0784 / 90 / 0600-813 $ 01.30/0. -Please order a reprint rather than making your own copy. nounced at C 6, which is in agreement with the experimental results [16] . The electron releasing groups OH and NH 2 increase the dipolar contribution and give greater molecular stability, which agrees with theoretical calculations [3] . Introduction of the electronegative substituents N0 2 , CN and F has the opposite effect, which is again in agreement with the experimental results [16] , i.e. the electron releasing substituent at the exocyclic double bond as well as the electron withdrawing substituent at the endocyclic diene increase the zwitterionic character. 
Structural Details
For the OH substituent we have assumed that the OH is in the plane of the molecule according to our previous calculation on fulvene radical cation [15] .
Introduction of a substituent into the fulvene molecule increases the adjacent bond length (Table 2 ). This effect is more pronounced for NH 2 and N0 2 , which is in agreement with the high dipole moment calculated (Table 1 ). All substituents are found to produce a small decrease in the bond angle to which the substituent is attached, with the exception of the F substituent.
This resembles our recent calculations on fulvene radical cations [15] . 
Electron Densities
It can be seen from Tables 3 and 4 that the OH, NH 2 , F and cyclopropyl substituents decrease the electron densities on the carbon atom to which the substituent is attached and increase the electron density on the adjacent carbon atoms, i.e. they act as electron releasing. CH 3 , CN and dimethyl substituents are very weakly electron releasing. The N0 2 substituent shows an opposite effect to that found for OH, NH 2 , F, CH 3 and CN, i.e. acts as electron withdrawing. These results are in agreement with our recent calculations on fulvene radical cations [15] .
Stabilization by Substituents
The stabilizing effect of a substituent is often assessed by using isodesmic reactions (conserved bond type) [31] . A positive heat of formation (Table 5) indicates stabilization of the reactant by the substituent.
The results show that all the substituents are stabilizing. It was found that N0 2 stabilizes the fulvene molecule more than other substituents because of the high dipole moment (Table 1) which suggests an increase in the degree of zwitterionic character. The CH 3 substituent shows slight stabilization, which may be due to the low dipole moment.
Orbital Energies
According to Koopmans' theorem (the negative HOMO is equal to the ionization potential), it was found that the energy of HOMO for fulvene (-8.686 eV, Table 6 ) is in good agreement with the ionization potential (8.55 eV) obtained from photon electron spectroscopy [32] . Also the HOMO of dimethyl fulvene ( -8.622 eV, Table 6 ) is in good agreement with the experimental value (8.75 eV) [33] .
The electron releasing NH 2 , OH, CH 3 , dimethyl and cyclopropyl substituents are found to increase the energy of HOMO (Table 6 ) to a great extend. This effect is more pronounced in the case of NH 2 , which also increases the energies of the LUMO. The high energy of LUMO suggests a high stability.
Thus amino group substitution produces aromatic like behaviour in fulvenes [16] .
The inertness of amino fulvenes toward cycloaddition may be attributed to the high energy of the LUMO [4] .
In case of electron withdrawing substituents, such as CN and F, the HOMO and LUMO decrease to a certain degree; the low energy of LUMO suggests a high reactivity. This is in agreement with the 6-C1 fulvene which has a high reactivity toward nucleophilic attack [34] .
